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The Effects of 7 -tocopherol Administration on Pretibial Edema in Young
Women with Premenstrual Syndrome
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Gamma-tocopherol is largely metabolized to 2,7,8-trimethyl-2-(2-carboxyethyl)-6-hydroxychroman (7-CEHC), which has natriuretic activity
that is mediated via inhibition of 70 pS ATP-sensitive K channels in the thick ascending limb of the loop of Henle. However, the effects of 7-
tocopherol administration on edema are unclear. To determine the effects of y-tocopherol administration on pretibial edema, we measured uri-
nary y-CEHC concentration by high-performance liquid chromatography with electrochemical detection (HPLC-ECD) after administration of 7-
tocopherol. Twenty young women who had a history of pretibial edema due to premenstrual syndrome were randomly divided into two groups.
The r-tocopherol group received 4 "r-tocopherol capsules” (each containing 100mg of y-tocopheral), and the control group received 4 "placebo
capsules" (each containing 250mg of soybean oil) per day for 7 days. Urinary sodium and potassium secretion and urine volume did not in-
crease after cessation of y-tocopherol administration, yet the degree of pretibial edema improved in all participants in the 7-tocopherol group.
The serum 7-tocopherol concentration significantly increased in the y-tocopherol group. Urinary excretion of y-CEHC significantly increased
after y-tocopherol administration. Our results suggest that orally administered y-tocopherol on renal sodium handling is not apparent, but 7-
tocopherol is a precursor of prolonged natriuresis of -CEHC and may be effective for edema.
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Introduction

The vitamin E family is a group of tocopherol s and tocotrienols
that has four homol ogs («, 3, 7, and 6 ) differing in the methyl sub-
gitutions on the chromanoxy! ring, and the saturation of the phytyl
tall. These vitamin E homologs, eecially a-and 7-tocopherol, are
equally well absorbed from the intestine, trangported by chylomicrons
in lymph, and incorporated into hepatic cels Alphatocopherol
transfer protein (a-TTP) specifically selects a-tocopherol in the
liver from among all the incoming tocopherols for incorporation
into very low density lipoprotein (VLDL) and transfer to the bl ood.
Therefore, a-tocopherol is the main tocopherol circulating in the
blood and detectable in tissues, and is thought to have the highest
biologica activity of the tocopherols, despite higher dietary intakes
of 7-tocopherol than «-tocopherol.** However, r-tocopherol has
been recently discussed as having a role beyond that of an antioxi-

dant. Gamma-tocopherol is largely metabolized to 2,7,8-trimethyl -
2-(2'-carboxyethyl)-6-hydroxychroman (7-CEHC) as a result of
truncation of the phytyl tail, mediated initialy by cytochrome
P450-dependent w-oxi dation, followed by 8-oxidation.’ Catabalism
of y-tocopherol to 7-CEHC, followed by glucuronide conjugation
and urinary excretion, is a magor pathway for dimination of 7-
tocopherol in humans.”” Gamma-CEHC has a natriuretic activity
that is mediated viainhibition of 70 pS AT P-sensitive K channels
in the thick ascending limb of the loop of Henle®* as well as anti-
inflammatory activity." It would be interesting to determinethe re-
lationship between y-CEHC and volume-expanded status such as
pregnancy, congestive heart failure, liver cirrhosis, and chronic rena
fail ure because y-CEHC might play an important rol e in substances
exhibiting a prolonged natriures s'** However, the bioavailability
of 7-tocopherol and the metabolism of vitamin E after chronic ad-
minigration of y-tocopherol to humans with edema are not well
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understood.”

Premenstrual syndrome (PMS) is a collection of heterogeneous
symptoms that are attributed to hormonal fluctuations and that vary
among individuals, but the etiology remains unclear. These symp-
toms arise or are exacerbated during the luteal phase of the men-
grud cycle and ameliorate after the onset of menses. The mog
preva ent severe symptoms are emotional and behaviora (irritabil -
ity, mood lability, depressed moods, anxiety, impulgvity, socid
friction, and fedings of "loss of control"), cognitive (decreased
concentration), and physical (bl oatedness, breast swelling and ten-
derness, generd aches, and fatigue).” Bloatedness or peripheral
edemais one of these symptoms, because female hormones such as
progesterone and estrogens modulate the renal handling of sodium.”
Huid retention during theluteal phase may be due to a rel ative de-
ficiency of arid natriuretic factor and a lower threshold for
arginine vasopressin.” Spironol actone, a steroid receptor antago-
nist and a diuretic to remove the excess fluid, is reported to im-
prove this symptom as well as irritability, depression, bresst ten-
derness, and food craving.®

To determine the effects of 7-tocopherol administration on
pretibia edema and urinary excretion of y-CEHC in young women
with PMS, we measured 7-CEHC in human urine by high-
performance liquid chromatography with eectrochemica detection
(HPLC-ECD) after adminigration of y-tocopherol.

Materials and Methods

Sudy protocol

A tota of 20 young women who had a history of pretibia edema
due to PMS (ranging in age from 20 to 25 years, mean 20.9+ 1.6
years) were enroll ed in the present sudy. The definition of PMSin
the present sudy was as follows: (1) The symptoms include emo-
tional and behaviord (irritability, mood lability, depressed moods,
anxiety, impulsivity, socia friction, and fedlings of "loss of con
tra "), cognitive (decreased concentration), and phys cal (bloatedness,
breast swelling and tenderness, generd aches and fatigue). (2)
These symptoms arise or are exacerbated gpproximatedly 2 to 10
days before next menses and ameliorate after the onset of menses.
Other mgjor symptoms included irritability in 8 women, depressed
moods in 4 women, sleepiness in 2 women, breag swelling in 2
women, diarrhea in 3 women, constipation in 3 women, and ab-
dominal or lumber pain in 16 women. None of them were rece v-
ing medication or taking regular vitamin supplements We ran-
domly divided (by the numbered container method) the 20 women
into two groups: one group that was given y-tocopherol capaules
(n=10; the 7-tocopherol group) and a control group (n=10). The
7-tocopherol group received 4 "y-tocopherol cgpsules* (each con-
taining 100mg of r-tocopherol and 150mg of soybean oil) per day
for 7 days, and the control group received 4 "placebo capsules"
(each containing 250mg of soybean oil) per day for 7 days Two
capsules were given within 30 min after breakfast and the other
two within 30 min after supper. These capsul es were obtained from

Shigeko Kato et a.. Urinary Excretion of y-CEHC and Edema

Eisa Food & Chemicd Co. (Tokyo, Japan). Before (day O, 14 days
before the expected next onset of menstruation) and after cessation
of administration (day 7), body weight and percentage body fat
measurements were performed using a bipedal bioi mpedance in-
grument (Karada Scan HBF-352, OMRON Co., Kyoto, Japan),
and the degree of pretibiad edema was judged by a physician
(M.M.) who was blinded to the trestment protocol as follows (-),
absent; (), slightly present; (+), apparently present. After an over-
night fast, blood was obtained from each pati ent before capsule ad-
minigration (day 0) and after cessation of cgpsule administration
(day 7). A 24-hour urine sample was dso obtained from each
perticipant on the days of blood testing. Furthermore, a dietary
gudy on dl participants was performed before capsule administra-
tion (day 0) and after cessation of capsule administration (day 7),
and dietary intake levels of caories, protein, y-tocopherol, sodium,
and potassium were calcul ated using calculation software (Excel
Eiyo-kun, Kenpakusha, Tokyo, Japan). This sudy was performed
according to the principlesof the Decl aration of Helsinki; the sudy
protocol was approved by the Ethical Committee of Siebold
University of Nagaseki, and informed consent was obtained from
al participants.

Determination of urine volume, urinary and serum creatinine, so-
dium, and potass um concentrations, and cleatinine clearance

Urine volume was measured after urine coll ection. Urinary and
serum creatinine levels were measured using a commercid kit
(Creatinine-Test Wako; Wako Pure Chemica Indudries, Osaka,
Japan) based on the Jaffe reaction. Urinary and serum sodium and
potassium levels were measured by an automatic analyzer (SRL,
Inc, Tokyo, Japan). Crestinine clearance (Ccr) was cd culated using
urinary creatinine concentration (U, mg/dL), urine volume (V,
mL/day), serum creatinine concentration (S, mg/dL), body surface
area (A, nt), and the standard body surface area of a Jgpanese
adult (1.73, m? based on the following formula: Cer (mL/min) =
(Ux V [ Sx 1,440) x 1.73/A.

Determination of serum «-and 7-tocopherol concentrations by
HPLC

The serum concentrations of a- and y-tocopherol were measured
by high-performanceliquid chromatography (HPLC). A volume of
50uL of serum was diluted in 800uL of methanol. After addition
of 100uL of 1 mg/L &-tocopheral as an internd standard, the sam-
ple was voltex-mixed and centrifuged at 6,000 r.p.m. for 1 min.
Then, 50uL of the supernatant was injected into the HPLC system.®
The HPLC gystem consisted of a PU-1580 pump (JASCO
Corporation, Tokyo, Japan), AS-1555-10 autosampler (JASCO),
FP-1520 fluorescence detector (A exc = 295nm, Aem = 330nm,
JASCO), and a Kantomightysil RP-18GP column (4.6mm x
150mm, 5¢m, Kanto Chemica Co., Tokyo, Japan). The mobile
phase was pure methanol, and the flow rate was set a 0.1 mL/min.
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Deter mination of urinary y~-CEHC concentration by HPLC

The urinary concentration of y-CEHC was measured by HPLC
with electrochemica detection (HPLC-ECD). One hundred L of
B-glucuronidase (type VII-A, from E. coli, 25,000 units, Sigma, .
Louis, MO, USA) solution (1,000 U/mL in 0.1 mol/L acetate
buffer), 100xL of ascorbae solution (10mg/mL), and 20uL of
butylated hydroxytoluene (BHT) solution (12.5 1g/mg in ethanol)
were added in 1 mL of urine sample, and incubated for 2 hours at
37 to hydrolyze the conjugate. After cooling on ice, 50uL of 6
mol/L HCl and 2 mL of diethyl ether were added, and the mixture
was centrifugated at 3,500 r.p.m. for 10 min. Thereafter, 1 mL of
the diethylether layer was collected and evaporated to dryness
using nitrogen gas. The residue was dissolved in 200uL of BHT
solution, and filtered using a0.02um-4mm Millipore filtration sys-
tem (Billerica, MA, USA). A 10-«L diquot was injected into the
HPLC-ECD sysem. A known amount of y-CEHC solution do-
nated from Eisa Co. (Tokyo, Japan) was used as a control. The
HPLC sygem consisted of a PU-1580 pump (JASCO), PL-300
damper (Eicom Co., Kyoto, Japan), AS-1555-10 autosampler
(JASCO), CO-1560 column thermostat (JASCO), ECD-300 elec-
trochemical detector (Eicom), HTEC-500 system (Eicom) with an
gpplied potential of 550mV, and a Mightysil RP-18 GP column
(2.0mm x 250mm, 5¢m, Kanto Chemica Co.). The column tem-
perature was set a 37 , and the mobile phase was 32.5% (v/v)
acetonitrile containing 50 mmol/L NaClO: and 0.5 mmol/L EDTA-
2Na. The flow rate was set at 0.2 mL/min.

Satigtical analysis

All vaues were expresed as mean + dandard error (SE).
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Differences between groups were tesed for gatigical dgnificance
using a Student's t-test for paired and unpaired data. P < 0.05 was
considered g gnificant.

Results

Clinical features, laboratory data, and daily intake of calories,
protein, sodium, and potassium before capsule admini sration and
after cessation of capsul e administration

Of the 10 -tocopherol group partici pants, one woman was ex-
cluded from the study popul ation because she hurt her leg during
the study period. Participant's age (mean, 20.7 vs 21.1 years ol d),
body weight (mean, 53.3 vs 52.6 kg) , percentage body fat (mean,
25.0 vs 25.9%), 24-hour urine volume (mean, 776 vs 900 mL),
creatini ne cl earance (mean, 103.1 vs 74.0 mL/min), urinary sodium
(mean, 2.8 vs 2.6 g/day) and potassium levels (mean, 1.3 vs 1.3
g/day), serum sodium (mean, 143 vs 142 mEg/L) and potassium
levels (mean, 4.1 vs 4.0 mEg/L), and dietary intakeleves of cao-
ries (mean 1,663 vs 1,663 kca), protein (mean, 62.3 vs 57.2 @),
7-tocopherol (mean, 11.4 vs 7.8 mg), sodium (mean, 3,438 vs
3,052 mg), and potassium (mean, 1,729 vs 2,238 kcd) were not
dgnificantly different between the control group (n=10) and the
y -tocopherol group (n=9), and also between before capsule ad-
minigration (day 0) and after cessation of capsule adminigration
(day 7) (p>0.05) (Table 1).

Degree of pretibial edema

In the control group, the degree of pretibid edema was im-
proved from (+) to (%) in 2 participants, from (+) to (-) in 1 partici-

Table 1. Clinical fedures, laboratory data, and daily intake of calories, protein, sodium, and potassum in partid-

pantsin the control and 7-tocopherol groups

Control group (n=10)

7-tocopherol group (n=9)

Feaure Day 0 Day 7 Day O Day7

Age (year) 207+13 211+ 18

Body weight (kg) 533 + 1.9 529 + 19 526 + 16 527 + 1.8
Percentage body fat (%) 250 = 0.8 253+ 09 259 + 08 265 + 0.8
24-hour urine volume (mL) 776 + 100 774 £ 117 900 + 154 886 + 124
Cregtinine clearance (mL/min) 1031 + 312 971+ 201 740 + 84 84.0 + 230
Urinary sodium (g/day) 28 + 04 26 + 0.3 26 £ 02 24 + 0.3
Urinary potassum (g/day) 13+01 15+ 02 13 +02 15+ 02
Serum sodium (mEg/L) 143 +0 142+ 0 142 + 04 142 + 0.6
Serum potassum (mEg/L) 41 + 01 39+ 01 40 £ 01 40 = 01
Daly energy intake (kcal) 1663 + 140 1529+ 173 1663 + 115 1622 + 176
Daly protein intake (g) 623 £ 55 56.8 + 7.3 572 + 6.1 563 + 7.1
Daly y-tocopheral intake (mg) 114 + 49 117+ 20 78 £18 6.6 £ 1.1
Daly sodium intake (mg) 3438 + 356 3347+ 252 3052 + 390 3584 + 284
Daly potassum intake (mg) 1729 + 205 1,748 + 163 2238 + 29 1903 + 179

Data are expressed as mean + SE.
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Table 2. The degree of pretibial edema in young women with premenstrual syndrome before (day 0) and
after administration of "placebo” or "r-tocopheral capsules' (day 7)

Degree of pretibial edema Day 0O Day 7 Number of participants

Contral group (n=10)

(+ (+ 1

(+ () 2

() ) 1

+) (* 2

& ) 4
7-tocopherol group (n=9)

(+ (€] 2

(+ ) 1

@)

()

The degree of pretibial edema was judged as folows: (-),

pant, and from (%) to (-) in 4 participants whereas pretibial edema
was not improved in 3 participants. In the 7-tocopherol group, the
degree of pretibial edema was improved in all 9 participants from
(+) to (3) in 2 paticipants, from (+) to (-) in 1 participant, and
from (z) to (-) in 6 participants (Table 2).

Serum - and y-tocopherol concentration.

The serum a-tocopherol concentration in the y-tocopherol group
(0.6 £ 0.1 mg/dL) was significantly lower than that in the control
group (1.1 + 0.1 mg/dL ) &fter cessation of y-tocopherol administra-
tion (day 7) (p<0.01), while there was no significant differencein
serum a-tocopherol concentration before y-tocopherol administra-
tion (day 0) between the control group (1.0 £ 0.05 mg/dL) and the
r-tocopherol group (0.9 + 0.04 mg/dL) (Figure 1). The serum 7-
tocopherol concentration in the y-tocopherol group (588.1 + 69.2
rg/dL) was significantly higher than that in the control group
(244.5 + 123.0 £g/dL) on day 7 (p<0.01), while there was no sg-
nificant difference in serum y-tocopherol concentration on day 0
between the control group (98.1 + 145 pg/dL) and the 7-
tocopherol group (95.4 + 11.6 ng/dL) (Figure 2).

Urinary 7-CEHC concentration

The peak of »-CEHC was clearly detected on a HPL C chroma-
togram of urine samples in our assay conditions (Figure 3). The
urinary excretion of 7-CEHC in the y-tocopherol group (551.5 +
62.4 ng/mL) was d gnificantly higher than that in the control group
(38.7+ 9.1 g/mL) on day 7 (p<0.01), while there was no signifi-
cant difference in urinary y-CEHC concentration on day O between
the control group (54.0 + 9.4 ng/mL) and the y-tocopherol group
(56.2 £ 11.7 ng/mL) (Figure 4).

absent; (x), dightly present; (+), apparently present.

Discussion

Alpha and/or y-CEHC concentrations have been measured in
human urine, human plasma, rat bile, and tissue samples by HPLC
or liquid chromatography-mass spectrometry (LC-MS), but this
area is still fairly new and evolving.®* In the present study, we
uccessfully measured the urinary concentration of y~-CEHC in hu-
mans by HPLC-ECD using a small sample volume (1mL) and
rapid turnaround time, and confirmed that urinary excretion of 7-
CEHC dgnificantly increased after y-tocopherol administration.

In the present study, urinary sodi um and potass um secretion and
urine volume were not increased on day 7 in the y-tocopherol
group, yet the degree of pretibid edema was improved in al 9 par-
ticipants in the y-tocopherol group. Uto et d.” reported that 7-
tocopherol increased the urine volume and acceerated sodium ex-
cretion into rat urine with a high sodium intake, but sodium
excretion did not change with a normal sodium intake. They fur-
ther reported that this effect was observed in a dose-dependent
manner.”* On the other hand, Yoshikawa et d.”® reported that uri-
nary sodium excretion was dgnificantly incressed but the urine
volume did not change one week &fter the cessation of 7-
tocopherol admini stration in healthy adult maes with a normd so-
dium intake. The reason for the discrepancy between Y oshikawas
results and ours is unclear. In the present sudy, urinary sodium
and potass um secretion and urine volume were measured only just
after the cessation of 7-tocopherol administration. These parame-
ters should have been monitored during and a couple of weeks
after the administration periods to determine the natriuretic effect
of 7-CEHC.

It would be interesting to determine the relationship between
urinary 7-CEHC concentration and the effect on pretibid edema.
Unfortunately, such investigation could not be conducted in the
present sudy, because the degree of pretibial edema was improved
not only in the y-tocopherol group (9/9) but dso in the control
group (7/10). This may be partidly due to the fact that daily 7-
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tocopherol intake tended to be high in the control group (day O;
114 + 49 mg/day, day 7; 11.7 + 2.0 mg/day) and low in the
r-tocopherol group (day O; 7.8 + 1.8 mg/day, day 7; 6.6 + 1.1
mg/day), dthough differences were not statisticaly significant.
Moreover, capaules in the control group contained 250mg of soy-
bean ail; each capaul e thus contained 0.2mg of y-tocopherol. Other
possible explanation is that the fluid retention in PMS is highly
variable and often short lived. Our present study has a limitation,
because the information such as basal hormone levels and basal
body temperature in each participant was not avail able. Therefore,
it was unclear in al women whether the "day 0" was exactly the
same point in their menstrua cycle in the present sudy.

In the present study, the serum y-tocopherol concentration Sg-
nificantly increased and a-tocopherol concentration §gnificantly
decreased in the y-tocopherol group. The interaction between a-
and 7-tocopherol metabolisms has been controversial. Leonard et
a.® suggested that there is little interaction between «-and 7-
tocopherol metabolisms. On the other hand, Kiyose et a.° reported

Figure 4. The urinary conccneetion of F-CEHC moyoony wimen with
premenstiun] syodrae belfore [day 0 and aftor administradon of "pla-
aebo” or "v-locopherol copeules” das 7

that a-tocopherol may affect y-tocopherol metabolism. Morinobu
et a.® dso reported that high-dose adminigration of a-tocopherol
caused an increase of y-tocopherol metaboli sm. Conversely, Clement
et al.”® reported that 7-tocopherol supplements induced a marked
increasein a-tocopherol concentrations in the serum and tissues. In
2005, Y oshikawa et a.” reported results Smilar to oursin heathy
adult male volunteers Because a-TTP gecificdly sdects « -
tocopherol in the liver from among all the incoming tocopherols
for incorporation into VLDL and transfer to the blood," they specu-
lated that excess 7-tocopherol was taken up by the liver and com-
bined with @-TTP more than usual. As a result, the amount of «-
tocopherol bound to a-TTP and transferred to the blood might
have decreased, leading to a decrease in the serum a-tocopherol
concentration.

Di ureti cs such asloop agents and thiazides promote excretion of
sdium and therefore may lead to hyponatremia as well as
hypokalemia, hypochloremia, and metabolic akal osis. Hyperkdemia
is a leading complication of potassium-sparing agents such as
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gpironolactone. Thus, electrol yte and aci d-base disorders commonly
accompany di uretic use™ Agents exhibiting a prolonged and mild
natri uresis (not kdiuretic) such as »-CEHC might prevent € ectro-
lyte and acid-base disorders and volume depl etion with prerend
azotemia in the treatment for the volume-expanded status such as
pregnancy, congestive heart falure, liver cirrhoss and chronic
rend failure'**

In conclusion, serum concentration of a-tocopherol s gnificantly
decreased, serum concentration of 7-tocopherol sgnificantly in-
creased, and urinary excretion of y~-CEHC significantly increased
after y-tocopherol administration in young women with PM S in the
present study. However, urinary sodium secretion and urine vol-
ume was not increased, and body weight did not reduced &fter 7-
tocopherol administration. The degree of pretibid edemawas im-
proved but differences were not statisticaly significant in our
gnal study population. Although these results suggest that 7-
tocopherol is a precursor of prolonged natriuress of y-CEHC and
may be effective for relieving edema, these function should be fur-
ther validated in larger sudy populations, and also further studies
are needed to determine the effect on other volume-expanded
gatus such as congestive heart failure, liver cirrhosis, and chronic
rend failure in humans.
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